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[57] ABSTRACT

Production of high bit density memory cells using six
selective, vertically aligned, reactive plasma etching
steps. A gate oxide layer is applied to the boundary
surface of the semiconductor layer and has a polysilicon
layer which is highly doped and covered with a first
intermediate oxide layer. A drive line and the gate are
first formed. Sections of the drive line at the ends
thereof are removed by isotropic etching and the result-
ing recesses are filled in a thermal oxidation step. The
portion of the gate oxide layer adjacent the structured
parts 1s removed by a second etching step. A second
polysilicon layer 1s deposited, highly doped and cov-
ered with a second intermediate oxide layer. Another
drive line having a part contacting a doped region in the
semiconductor layer, the region being formed by ion
implantation, is structured by a third etching step. A
recess 1s then formed by a fourth etching step and an
1sotropic etching step is performed to remove those
parts of the drive line which extend to the last-men-
tioned recess. A fifth etching step is performed for re-
moving the oxide layer covering the boundary surface
of the semiconductor layer within the recess. A third,
silicon layer s deposited and covered with a third inter-
mediate oxide layer. Another recess i1s formed in the
third intermediate oxide layer above the recess pro-
vided by the fourth etching in a sixth etching step. A
conductive coating is then applied to the third polysili-
con layer and is provided with an electrical terminal.

19 Claims, 15 Drawing Figures
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METHOD FOR THE MANUFACTURE OF A
MONOLITHIC, STATIC MEMORY CELL

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a method for the
manufacture of a monolithic, static memory cell in
which a semiconductor layer of a second conductivity
type 1s arranged on a semiconductor body of a first
conductivity type which is provided with a first termi-
nal, in which a region of the first conductivity type is
provided at a boundary surface of the semiconductor
layer, the region being connected to a first drive line,
and 1n which a first zone of the semiconductor layer
adjacent to the region is covered by a gate connected to
a second drive line, the gate being separate from the
boundary surface by a gate insulator, in which a second
zone of the semiconductor layer adjacent to the first
zone 1s covered by a conductive coating connected to a
second terminal, and in which the conductive coating is
separaied from the boundary surface by a thin electri-
cally insulating layer which admits a tunnel current
between the boundary surface and the conductive coat-
ing.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
method of the type generally set forth above with

which superintegratable memory cells can be realized.

This object is achieved in that the semiconductor
layer is provided with strip-shaped insulation zones
extending up to the semiconductor body and limiting
the memory cell. A gate oxide layer is applied to the
boundary surface of the semiconductor layer and has 2
polysilicon layer deposited thereon which is highly
doped and covered with a first intermediate oxide layer.
‘The second drive line and the gate are structured by a
first, selective, vertically aligned, reactive plasma etch-
ing. Those sections of the second drive line lying at the
ends are removed in an isotropic etching step and the
recesses thereby formed are filled in a thermal oxidation
step. That part of the gate oxide layer adjacent to the
structured parts 1s removed by a second, selective, ver-
tically aligned, reactive plasma etching. A second
polysilicon layer is deposited, highly doped and cov-
ered with a second intermediate oxide layer. The first
drive line, including the part contacting the region, is
structured by a third, selective, vertically aligned, reac-
tive plasma etching and the region is doped by ion im-
plantation. A fourth, vertically aligned, reactive plasma
etching is performed for the formation of a recess, fol-
lowed by an isofropic etching for the removal of those
parts of the first and second drive lines discharging into
the recess and a thermal oxidation for filling the reces-
ses. A fifth, selective, vertically aligned, reactive plasma
etching is performed for the removal of the oxide layer
covering the boundary surface within the recess. A
third polysilicon layer is deposited and covered with a
third intermediate oxide layer. A recess is formed in the
third intermediate oxide layer with a sixth selective,
reactive plasma etching, and a conductive coating is
applied to the third polysilicon layer within the recess
and 1s provided with a second terminal.

The advantage which is achieved in practicing the
present invention can be seen, in particular, in that the
finished, static memory cells require only an extremely
small semiconductor surface which, in particular, is to

2

be attributed to the fact that the method steps required

for its manufacture are self-adjusting. In conjunction

- with the low space requirement of the memory cells, a
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high bit densny 1S achleved given static memory mocl-
ules.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the inven-
tion, its organization, construction and operation will be
best understood from the following detailed descrip-
tion, taken in conjunction with the accompanying
drawings, on which:

FIG. 1 is a schematic cross-sectional view of a static
memory cell constructed in accordance with the pres-
ent invention;

FIG. 2 is a schematic cross-sectional view of a first
operating state of the memory cell of FIG. 1;

FIG. 3 1s a schematic cross-sectional view of a second
operating state of the memory cell of FIG. 1;

FIG. 4 1s a graphic illustration of a potential curve
belonging to FIGS. 2 and 5;

FIG. § 15 a schematic cross-sectional view of a mem-
ory cell in which the potential curve according to FIG.
4 and FIG. 6 occurs;

FIG. 6 1s a graphic illustration of a potential curve
belonging to FIGS. 3 and §;

FIG. 7 is a graphic illustration of an operatlonal dia-
gram according to a portion of FIG. 1;

FIGS. 8-12 illustrate, in croSs-seetion, individual
intermediate stages of the memory cell during the man-
ufacturing process of the present invention;

FIG. 13 1s a cross-sectional view through a portion of
a memory cell manufactured in accordance Wlth the
method of the present invention;

FIG. 14 is an iliustration of the masks which are
required for the individual manufacturing step; and

F1G. 15 18 a cross-sectional view taken through a
portion of the memory cell manufactured in accordance
with the present invention, and in particular in which
the third polysilicon layer is doped in the area of a
recess by selective ion implantation.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The Element and Its Operation

The memory cell according to FIG. 1 is constructed
on a doped semiconductor body 1, for example consist-
ing of n-conductive silicon, which is covered with a
semiconductor layer 2 of opposite conductivity, for
example consisting of p-conductive silicon. At the
boundary surface 2z of the semiconductor layer, there is
located a region 3 oppositely doped with respect to the
layer which, in the present example is then n-conduc-
tive. A first drive line (bit line) 4, illustrated as a conduc-
tive coating, and having a terminal 5, contacts the re-
gion 3. A gate 6 is arranged adjacent to the region 3, the
gate 6 being separated from the boundary surface 2a by
means of a gate insulator 7 and being electrically insu-
lated with respect to the adjacent circuit portions in the
lateral direction as well as by means of lateral portions
of the layer representing the gate insulator which, for
example, consists of SiO;. The gate 6 represents a por-
tion of a second drive line (word line) which has an end
terminal 8, or which is connected to a word line by way
of the terminal 8. An electrically conductive coating 9 is
provided adjacent the gate 6, the coating 9 being sepa-
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rated from the surface 2¢ by a very thin electrically
insulating layer 10 consisting, for example, of SiOs;.
Thereby, the thickness of the layer 10 is selected in such
a manner that it admits a tunnel current between the
boundary surface 22 and the conductive coating 9. The
laiter is connected by way of a load element, symbol-
ized by a resistor 11, to a terminal 12 which is connected

to a voltage V p. The semiconductor body 1 is provided
with a terminal 13 to which a voltage Vg,p 1s applied.
The memory cell is surrounded by a trough-like recess

14 which extends from the boundary surface 2a into the
semiconductor body 1 and is filled with an electrically
insulating material, in particular an oxide layer 15. The
circuit portion 14, 15, can also be replaced by a semi-
conductor zone extending in the vertical direction from
the boundary surface 2a down to the boundary surface
1¢ and corresponding in its lateral direction approxi-
mately to the dimensions of the recess 14, the semicon-
ductor zone having a conductivity which corresponds
to that of the semiconductor body 1, here n-conduc-
tivity.

FIG. 2, first, shows a first operating state of the mem-
ory cells schematically illustrated in ¥I1G. 1. The volt-
age V pconstantly supplied to the terminal 12 effects the
build-up of a depletion zone 16 beneath the conductive
coating 9. The negative charge carriers 17 thermally
generated in the zone 16 move, under the influence of
the electric field prevailing in the zone 186, to the bound-
ary surface 2q, whereas the positive charge carriers 18
are transported to the terminal 13. The very thin insulat-
ing layer 10 allows the passage of the negative charge
carrier 17 which are then, in turn, supplied to the termi-
nal 12, so that a generation current traceable to the
charge carriers 17 and 18 flows between the terminals
12 and 13.

The operating state illustrated in FIG. 3 differs from
that according to FIG. 2 in that an inversion layer or,
respectively, inversion charge 19 is situated at the
boundary surface 2z beneath the conductive coating 9,
the depletion zone 16 being reduced under the influence
of the inversion layer or, respectively, inversion charge
19. The elements 19, 2 and 1 represent a bipolar transis-
tor whose emitter zone is formed by the semiconductor
body 1 and whose base region 1s formed by the semicon-
ductor layer 2. The collector of this transistor is repre-
sented by the inversion layer 19. Under the influence of
the voltage V p, an injection current consisting of nega-
tive charge carriers and indicated by the arrow 20 oc-
curs, the negative charge carriers being injected from
the semiconductor body 1 by way of the boundary
surface 1a into the layer 2 and arriving at the inversion
collector 19. A significantly greater tunnel current
arises through the insulating layer 10 than in the operat-
ing state according to FIG. 2, whereby the negative
charge carriers again arrive at the terminal 12. There-
fore, an injection current whose magnitude i1s deter-
mined by the tunnel current exists between the termi-
nals 12 and 13. 8

FIG. 4 illustrates a potential curve ¢ which occurs
along the line A—A of FIG. 2; while FIG. 5; in its
upper portion, illustrates a section through the arrange-
ment according to FIG. 2 which extends perpendicu-
larly to the plane of the drawing of FIG. 2 and contains
the line A—A. The circuit portions 1, 2 and 9-13 of
FIG. 5 have already been described on the basis of
FIGS. 1 and 2. The potential curve ¢ of FIG. 4 over a
distance Z from the upper end of the load element 11
reveals that the small generation current effects a very
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4

small potential drop at the load element 11. The poten-
tial drop occurring at the insulation layer 10 is refer-
enced 20. The potential ¢ decreases in the depletion
zone 16 to the potential ¢1 of the semiconductor layer
2, whereas there is a potential rise 23 in the depletion
zone 21 which is constructed, together with the deple-
tion zone 22, at the boundary plane 1¢, the potential rise

23 being approximately equal to a value 24 which corre-
sponds to the potential of the semiconductor body 1.
FIG. 6 illustrates the potential course ¢ along a line

B—B of FIG. 3, that is generally in the same area as
justdiscussed, but in a different operating state and in a
diagrammatic form corresponding to that of FIG. 4,
whereby a smaller depletion zone 16’ is now to be taken
into consideration, which is indicated 1in FIG. 5. A sig-
nificantly greater injection current produces a voltage
drop 25 at the load element 11, an increase voltage drop
20’ at the insulation layer 10, a reduced voltage drop
within the depletion zone 16’ to the value ¢1’ of the
layer 2 now increased by some forward bias FS, and a
reduced potential rise 23’ to approximately the value 24
which again corresponds to the potential of the semi-
conductor body 1.

FIG. 7 illustrates the current/voltage characteristic
of a bistable element comprising the elements 2, 16, 10
and 9. In this diagram, the current I flowing through the
element is indicated over the voltage V applied to the
elements 2 and 9. The characteristic curve has two
branches 28 and 26 which, together with a resistance
line 27 corresponding to the load element 11, produce
two intersection points 28 and 29. Each of these points
of intersection represents a stable working point of the
bistable element.

The bistable element 10, 9, 16 and 2, together with the
load element 11 and the semiconductor body 1, forms a
partial circuit which is operated in two stable switching
states defined by the working points 28 and 29, whereby
the selection between the working points 28 and 29
occurs due to the magnitude of the current flowing
between the terminals 12 and 13. If no inversion charge
19 exists (FIG. 2), then a small generation current flows
which, by way of the characteristic curve of FIG. 7,
effects an adjustment to the voltage 20 at the insulation
layer 10 or, respectively, to the working point 28. Given
an existing inversion charge in accordance with FIG. 3,
the working point 29 is set by means of the existing,
high injection current which allows a voltage drop 20’
by way of the insulation layer 10. Thereby, the injection
current prevents a decomposition of the inversion
charge 19 whereas, in the first case, the small tunnel
current corresponding to the generation current pre-
vents the build-up of an undesired inversion charge at
the boundary surface 2a below the conductive coating
9.

An arrangement corresponding to the elements 1, 2,
9, 10, 11 and 12 is described in the publication “Solid
State Electronics” 1978, Vol. 21, pp. 643-654.

The memory element is now operated in such a man-
ner that, for writing a first digital information which,
for example, 1s provided as a logical “0”, the bit line 4
has a high potential V¢ applied thereto by way of the
terminal 5. The word line 6 is connected to a gate volt-
age Vg via the terminal 8, the gate voltage Vginverting
the semiconductor layer beneath the gate 6 and result-
ing m the build-up of the transfer channel at the bound-
ary surface 2a. The voltage V p applied to the terminal
12 generates a surface potential at the boundary surface
2a below the coating 9, the surface potential being
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smaller than the potential of the region 3 connected to
the bit line 4. Therefore, no charge carriers are trans-
ported out of the region 3 to the boundary surface 2¢
beneath the insulation layer 10 and no inversion charge
is formed at that location. By so doing, the operating
state described on the basis of FIG. 2 arises in which a
small generation current flows and the working point 28
is set. After inscription of the digital information, the
potential Vg is switched off and the bit line 4 1s thus
separated from the memory element.

For writing the second digital information which, for
example, 1s given by a logical “1”°, the bit line 4 1s con-
nected by way of the terminal 5 to a low voltage V.
The gate voltage Vg generating a transfer channel 1s
again applied to the terminal 8. In this mode, charge
carriers are injected out of the region 3 into the semi-
conductor layer 2 and collect under the conductive
coating 9, connected to the potential Vp, in the form of
an inversion charge. There follows the operating state
according to FIG. 3 in which a large 1njection current
flows which corresponds to the working point 29. By
means of this injection current, the inversion charge is
maintained after the disconnection of the potential Vg
or, respectively, the disconnection of the bit line 4 from
the memory element.

The stored digital information which is derived from
the presence or absence of the inversion charge 19 1s
now maintained by the respective stationary working
point 28 or 29 without requiring periodic regeneration.

For reading the stored information, the bit line 4 is
first reset to a reference potential and is subsequently
disconnecied from external potentials so that it is situ-
ated in a “floating™ state. Subsequently, the gate 6 is
again charged with the gate voltage V. Differing po-
tential changes which arise on the bit line 4 as a function
of the presence or absence of an inversion charge 19 are
evaluated as read-out signals for various stored digital
information in that they are supplied to the gate of an
input field effect transistor of an evaluation stage (read
amphifier) and influence the current flowing through
the stage whose voltage drop arising at a load element
can be used as the basis for further logical processing.
Advantageously, the bit line 4 is reset to a high refer-
ence potential for the purpose of reading, so that, upon
reading of a logical “1”, a noticeable voltage drop oc-
curs on the bit line 4 due to the charge carriers penetrat-
ing into the region 3, whereas, upon reading a logical
“0”, the reset potential is retained on the bit line 4 due
to the lack of an inversion charge 19.

The Method of Manufacture

In the manufacture of a memory cell according to the
present Invention, and as illustrated 1n FIG. 8, one pro-
ceeds from a conductor body 1 on which a semiconduc-
tor layer is arranged. The semiconductor body 1 con-

sists, for example, of n-conductive silicon with a doping

concentration of 10!° cm—3, whereby the semiconduc-
tor layer 2 consists of p-conductive silicon which has a
doping concentration of approximately 5.1013 ¢cm—3.
Defined, trough-like recesses 14 are provided in this
structure by a first mask 941 (FIG. 14), this preferably
occurring with a selective, vertically aligned, reactive
plasma etching step. The recesses 14 are subsequently
filled with an insulated material 13, for example with
S10; in the course of a thermal oxidation, whereby the
material projecting beyond the boundary surface 2¢g 1s
again removed, for example by means of a further etch-
ing operation. An oxidation step for the application of a
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S10; gate oxide layer 7 (FIG. %) follows. Subsequently,
a polycrystalline silicon layer 94 is deposited over the
entire surface, the polycrystalline silicon layer being
highly doped with donors and covered by an intermedi-
ate oxide layer 91 consisting of $10;. The lateral limita-
tions of the gate 6 and the connected word line are
defined by a second mask 22 consisting, for example, of
photosensitive tesist and are structured by a selective,
vertically aligned, plasma etching step. Before removal
of the second mask 92, an implantation of donor ions
occurs, for example arsenic, in order to form the n-con-
ductive region 3 and, under certain conditions, an im-
plantation of acceptor 10ns in order to increase the dop-
ing of the layer 2 in a zone 93 below the region 3. In an
isotropic etching step, those sections 94¢ of the poly-
crystalline silicon layer 94 at the end sides are subse-
quently etched out and are filled with Si0O; in a thermal
oxidation step. The gate oxide layer 7 is then removed
in a vertically aligned, reactive plasma etchmg step,
whereby a structure according to FIG. 16 arises.

Then, a further deposition of a polycrystalline silicon
layer 111 is carried out, the layer 111 being strongly
doped with donors and subsequently covered with an
intermediate oxide layer 112 of, for example, Si0O3. By a
selective, veritcally aligned, reactive plasma etching
step, the first drive line including the portion 4 contact-
mg the region 3 1s structured through a third mask 95.
Following this, a reactive plasma eiching step is per-
formed in which the portions of the polycrystalline
silicon layers 94 and 111 lying within the opening 97
(FIG. 12) of a fourth mask 96 as well as the intermediate
oxide layers and the gate oxide layer 7 are removed up
to the boundary surface 2a. In a subsequent, isotropic
etching step, those sections of the strip-like polycrystal-
line silicon layers 94 and 111 at the insides extending
into the opening $7 are removed and the recesses occur-
ring are filled with Si0O; in 2 thermal oxidation step. The
Si0O; formed within the opening 97 on the boundary
surface 2¢ is then removed in a vertically aligned, reac-
tive plasma eiching step. A partial structure accardlng |
to FIG. 12 therefore arises. |

A further deposition of a layer 131 (FIG. 13) of poly-
crystalline silicon which is, at first, not doped, is then
performed. The layer 131 is covered with an intermedi-
ate oxide iayer 132. A fifth mask 98 is applied thereto
and includes an opening 99 which can be somewhat
larger than the opening 97. The portion of the interme-
diate oxide layer 132 which lies within the opening 99 is
removed by reactive plasma etching. A weak implanta-
tion of donor ions, for example arsenic ions, is then
performed into the surface of the layer 131, namely only -
within the opening 99. The influenced surface of the
layer 131 is referenced 133 in FIG. 13. After the re-
moval of the fifth mask, finally, a conductive coaiing
134 is applied, the structure thereof being implemented
by a masking step (sixth mask 100). The portion 134 of
the conductive coating illustrated in FI1G. 13 can con-
tinue in the form of a strip either perpendicular to the
drawing plane of FiG. 13 or parallel to the drawing
plane. The individual masks are illustrated lying one
above another in FIG. 14 and are characterized by
different types of lines. The structure according to FIG.
13, which 1s augmented by the terminals 12, 5 and 8
(FIG. 1), then forms a static memory cell manufactured
according to the present invention. |

According to a variation of the method described
above, the surface-side implantation of the polycrystal-
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Hne silicon layer 133 with donor ions, which 1s refer-
enced 133, can be ehiminated.

If the weak doping 133 is carried out, then the un-
doped portion of the layer 131 which lies within the
opening 99 represents the msulating layer 10 of FIG. 1,

whose thickness lies approximately in the magnitude of

4000 A. Since the conductive coating 124 1s arranged on
that part of the layer 131 which lies within the opening
29, a Schottky junction is formed which represents the
load element 11 (FIG. 1) and is operated in the pass-
through direction in the area of the portion 133. The
conductive coating 134 then forms the connection to
the terminal §2.

According to another variation of the methed de-
scribed above, after the reactive plasma etching with

which the $i(» layer is etched away from the inside of

the opening 97, a thin insulating layer E51, preferably
consisting of SiQC», and having a layer thickness of ap-
proximatety 30-60 A is first applied by means of a ther-
mal oxidation step to the boundary surface Zg within the
opening 97. The method step for applying the undoped
polycrystalline silicon layer 131 and the intermediate
oxide layer 13Z then follows. Subseguently thereto, a
fifth mask 98 is appiied and that portion of the layer 132
located within the opening %9 is removed by means of a
reactive plasma etching step. In contrast to the method
first described, there follows an implantation of donor
ions into that section of the undoped polycrystailine
silicon layer 131 within the opening 9%, whereby such

d
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an implantation energy is employed that this section of 30

the layer 131 is doped up tc the boundary surface with
respect to the insulation layer 15%. The metallically
conductive layer 134 is then applied and structured by
utilization of the mask 188 illustrated in FIiG. i4. Fi-
nally, the terminais 12, 5 and 8 are applied. In the em-
bodiment of the memory cell thus obtained, which is

illustrated in FIG. 18, the thin insulating layer 10 of

FIG. 1 is formed by the application of the S10; layer
151, The Schottky junction also artsing in this variaticn
of the method at the boundary surface of the layers 131
and 134 represents the load element ¥1 (FIG. 1).

As already set forth above, the zone 93 of the semi-
conducior layer 2 is provided with an auxiliary doping,
so that it exhibits a higher degree of doping than the
remaining portions of the layer 2. 'This occurs n order
to suppress a npn fransistor action between the eiements
1, 2 and 3. Thereby, charge carrters which are injected
from the semiconductor bodv I into the laver 2 would
arrive 1n the region 3 and influence the potential on the
first drive line.

In a number of meihod steps, a selective, vertically
aligned, reactive plasma etching operation occurs in
which the etching agent consisis of 2 weakly 1onized gas
which, above all, influences the etching specimen in a
direction determined by an applied electric field. Such
an etching method with which vertical edges of individ-
ual structures or recesses can pe achieved 1s known, for
example, from the essav “Some Chemical Aspects of the
Fluor Carbon Plusima Fiching of Silicon and its Com-
pounds”, Journat of Sohd state Technology, Vol. 4, pp.
117-124, 1979, and from the essay “Auisofropic Plasing
Erching of Semiconductor Marerials”, Journal of Solid

Deviating froin the description pertaining o FIG. &,
a barrier laver msulation can also be emploved instead
of the oxide imsulation of the memory celi formed by the
elements 14 and 15, In this case, the element 15 repre-
sents a nt-conducitve reglon winch extends up to the
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d
boundary surface le between the elements 1 and 2. The
doping of the region 15 occurs by either diffusion or
implantation.

The semiconductor layer Z can either be an epitaxial
layer which is deposited on the semiconductor body or
a diffusion region of the semiconductor body.

The voltages and potentials specified above have a

positive operational sign in comparison to the potential
at the terminal 13 (FIG. 1) when the semiconductor

body 1 is designed with n-conductive material and the
semiconductor layer 2 is p-conductive material. If the
conductivity types of the individual semiconductor
regions are replaced by their opposites, then the volt-
ages and potentials related to the potential at the termi-
nal 13 have a negative operational sign.

Although I have described my inveniion by reference
to particular illustrative embodiments thereof, many
changes and modifications of the invention may become
apparenti to those skilled in the art without departing
from the spirit and scope of the invention. I therefore
intend to include within the patent warranted hereon all
such changes and modifications as may reasonably and
properly be included within the scope of my contribu-
tion to the art.

I claim:

1. A method of manufacturing a monolithic, static
memory cell in which a semiconductor body of a first
conductivity type carries a semiconductor layer of a
second, opposite conductivity type, in which the semi-
conductor layer includes a region therein at its bound-
ary surface of the first conductivity type and a first
drive line connected to the region and to a second ter-
minal, in which a gate connected to a third terminal 1s
separated from the semiconductor layer by an insulating
layer, in which the gate is located adjacent to a first
zone in the semiconductor layer, in which a conductive
coating separated from the semiconductor layer by a
thin insulating layer admitting a tunnel current between
the boundary surface and the conductive coating 1s
located over a second zone of the semiconductor layer,
in which the conductive coating is connecied to a
fourth terminal, comprising the steps of:

{(a) forming boundaries defining the extent of the

memory cell in the semiconductor layer;

(b} applying a gate oxide layer on the boundary sur-

face of the semiconductor laver;

(¢) applying a highly-doped first polycrystalline layer

on the gaie oxide layer.

(d) applying a first intermediate oxide layer on the

polycrystalline layer;

(e) etching the struciure to form a gate and a second

drive iine;

(1) etching the ends of the second drive line to form

TECESSES;

(g) filling the recesses with an insulating material;

(h) removing the gate oxide layer adjacent the struc-

tured portions;

(i} applying a highly-doped second polycrysialline

silicon layer on the first intermediate oxide layer;

(1) applying a second intermediate insulating layer on

the second polycrystalline silicon iaver;

(k) etching the f{irst drive line contacting the region to

structure the same;

(I} ion implanting to dope the region contacting the

first drive line:

(m} etching to form a recess down to the boundary

surface of the semiconductor layer;
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(n) etching portions of the first and second drive lines
which extend into the recess of step (m);
(o) oxidizing the bottom of and the sides of the recess

of step (m) to fill the voids left in the step (n);
(p) etching the oxide formed in the bottom of the
recess of step (o) to remove the same;
(@) applying a third pelycrystalline layer;
(r) applying a third intermediate layer on the third
polycrystalline layer:
(s) etching an aligned recess through the third poly-
crystalline and third intermediate insulating layers:
(t) applying a conductive coating in the aligned reces-
ses; and
(u) applying a terminal to the conductive coating.
2. The method of claim 1, wherein step (¢) is defined
as:
(cl) depositing the polycrystalline silicon layer.
3. The method of claim 1, wherein step (e) is defined
as:
(el) etching by a selective, vertically aligned, plasma
etching process.
4. The method of claim 1, wherein step (f) is defined
as:
(f) etching by an isotropic etching process.
3. The method of claim 1, wherein step (g) is defined
as:
(gh) filling the recesses by thermal oxidation.
6. The method of claim 1, wherein step (h) is defined
as:
(hl) etching the gate oxide layer by a selective, verti-
cally aligned plasma etching process.
7. The method of claim 1, wherein step (i) is further
defined as:
(i) depositing the second polycrystalline silicon
layer.
8. The method of claim 1, wherein step (k) is further
defined as:
(kI) selective, vertically aligned eiching of the first
drive line.
9. The method of claim 1, wherein step (m) is further
defined as:
(ml) isotropic etching to form the recess.

4,300,279
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10. 'The method of claim 1, wherein step (o) is further

defined as:

(o) thermally oxidizing the bottom and sides of the
IeCcess.

11. The method of claim 1 wherein step (n) 18 further

defined as:

(nl) isotropic etching of the ends of the drive lines
extending to the recess.

- 12. The method of claim 1, wherein step (p) is defined
as:

(pl) performing selective, vertlcally aligned, plasma
etching.

13. The method of claim 1, wherein step (q) is defined

as:

(ql) depositing the third polycrystalline silicon layer.

14. The method of claim 1, compnsmg the further

step of:

(v) doping the third polysilicon layer in the area of
the recess of step (s).

15. The method of claim 14, wherein step (v) is de-

fined as:

(vl) ion implanting a dopant.

16. The method of claim 14, comprising the further

step of:

(w) after the step (p), applying a thin insulating layer
on the boundary surface of the semiconductor
layer; and the stop (v) is further defined as

(vl) selectively ion implanting a dopant in the third
polycrystalline layer across the entlre surface to
the insulating layer.

17. The method of claim 1, compnsmg the step of:

(v) doping a zone beneath the region connected to the
first drive line more strongly than remaining re-
gions.

18. The methoqd of clalm 1, comprising the initial step

of:

(aa) epitaxially forming the semiconductor layer on
the semiconductor body.

19. The method of claim 1, comprising the initial step

of:

(aa) diffusing the semmonductor layer into the semi-

conductor body.
% * ¥ B *
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